Background: Drug adherence decreased in patients with Parkinson' s disease (PD) because of taking many different types of drugs. We evaluated drug adherence after switching from immediate-release (IR) to once-daily extended-release (ER) pramipexole (PPX) in PD. Methods: This study included 35 PD patients (20 men, 15 women); 10 were taking oral PPX alone, and 25 were also using another anti-PD drug. PPX-IR was switched overnight to PPX-ER without gradual tapering. One month after switching, improvement in timing adherence and reduction in medication burden were evaluated by a questionnaire using a visual analog scale (VAS) (0: No change; 10: Better). Motor function was assessed using part III of the Unified Parkinson's Disease Rating Scale (UPDRS). Results: The VAS score for improvement in timing adherence was 8.1 ± 0.5 (mean ± standard error), and that for reduction in medication burden was 7.3 ± 0.6. There was a significant negative correlation (ρ = −0.43, p = 0.01) between the VAS score and number of types of medications. The UPDRS part III score improved significantly after switching (p < 0.01). Only one patient discontinued PPX-ER after switching. Conclusion: Switching from PPX-IR to once-daily PPX-ER is safe and improves motor function in patients by improving timing adherence and reducing medication burden.
Introduction
Maintaining good drug adherence requires a feasible treatment plan that a patient can follow and continue that regimen between each patient and their health care provider. Patients with Parkinson's disease (PD) take many different drugs even in the early stage, and as PD progresses, the doses and types of drugs increase, and the times for taking these medications become more complex. Research on drug adherence in PD has reported "not taking drugs on time", in other words, decreased timing adherence, as an issue [1] [2] . Poor adherence in PD is directly correlated with the complexity of drug regimen, with the depression, and with cognitive impairment [2] - [5] . PD patients prefer drugs that can be taken less often each day and in lower amounts [6] [7] . Moreover, better adherence with anti-PD drugs taken once daily, compared to drugs taken multiple times daily, has been shown [2] [8] .
Once-daily extended-release formulations of non-ergot dopamine agonists (DAs) as anti-PD drugs are now available. However, studies on adherence when switching from multiple-daily to once-daily administration of these drugs have not been conducted. Pamipexole is a non-ergot dopamine agonist, and directly stimulates as a partial/full agonist at the D2, D3 and D4 receptors in the striatum. In this study, we investigated the effects on adherence of switching from the pramipexole immediate-release (PPX-IR) to pramipexole extended-release (PPX-ER) formulation.
Methods

Subjects
We conducted a hospital-based study involving 35 consecutive patients with PD in the Department of Neurology at the Tokyo Women's Medical University Hospital between July 2012 and November 2013. Subjects were included 35 PD patients (20 men, 15 women) ranging in age from 49 to 83 years (mean ± SD: 67.8 ± 9.1 years), with disease duration of 7 to 132 months (65.1 ± 31.1 months). PD severity was Hoehn and Yahr stage I in 5, II in 19, III in 10, and IV in 1 patient. Cognitive function was evaluated using the Mini-Mental State Examination (MMSE), and MMSE scores for the patients with PD ranged from 21 to 30 points (21 points in 1 patient, and another patients were above 25 points). The oral PPX dose before switching was 1.83 ± 0.5 mg, including 10 patients taking the PPX alone and 25 patients also taking other anti-PD drugs. These other drugs included levodopa in 22 (mean: 288 ± 120 mg), zonisamide in 11 (40.1 ± 23.1 mg), selegiline in 9 (5.3 ± 2.0 mg), amantadine in 6 (166 ± 40.8 mg), trihexyphenidyl in 5 (2.4 ± 0.9 mg), and entacapone in 2 (400.0 ± 141.4 mg) patients. The total number of drug types, including anti-PD drugs and other drugs, was 1 drug in 7, 2 drugs in 7, 3 drugs in 7, 4 drugs in 9, 5 drugs in 1, 6 drugs in 1, 7 drugs in 1, and 9 drugs in 2 patient. This study was performed in accordance with the guidelines of the Committee of Medical Ethics of Tokyo Women's Medical University. Informed consent was obtained from patients before study participation.
Switching from PPX-IR to PPX-ER
PPX-IR was switched overnight to PPX-ER without any gradual tapering. The dosage of the ER formulation was the same as the IR formulation in 27 patients; in 8 patients without a dosage corresponding to the IR formulation, the dose was increased (0.25-mg increase, 5 patients; 0.5-mg increase, 3 patients). The daily dose of PPX was 1.83 ± 0.5 mg before switching and 1.90 ± 0.6 mg after switching. The switched dose was significantly higher (p < 0.01).
Evaluation of Drug Adherence and Medication Burden
Patients were asked the following questions 4 -6 weeks after switching to PPX-ER: Q1. Have you forgotten to take your anti-PD drug? Q2. Do you now take your medication on time with once-daily dosing? (timing adherence) and Q3. Has the burden of taking your medication decreased with once-daily dosing? Responses for Q 2 and Q3 were assessed using a visual analog scale (VAS): (0: No change; 10: Better) (Figure 1 ).
Patient Survey about Motor Function and Mood
Patients filled out a survey form with the following questions: Q1. How are your daily activities compared to previously? Q2. How are your evening activities compared to previously? Q3. How are your morning activities compared to previously? and Q4. How is your mood compared to previously? There were 7 grades of response (much worse, worse, somewhat worse, no change, somewhat better, better, and much better) (Figure 2 ).
Motor Function
Motor function was assessed before and 4 -6 weeks after switching using part III of the Unified Parkinson's Disease Rating Scale (UPDRS) that is composed of 14 items (speech, facial expression, tremor at rest, action or postural tremor of hands, rigidity, finger taps, hand movements, rapid alternating movements of hands, leg agility, arising from chair, posture, gait, postural stability and body bradykinesia and hypokinesia).
Statistical Analysis
Spearman's rank correlation was used to examine the correlation between the VAS scores for questions 2 and 3 about taking medications with each of the following: number of types of medications, age, severity, disease duration, and MMSE score. One-way ANOVA was used to compare the single-drug and multiple-drug groups. The paired t-test was used to compare doses and analyze UPDRS changes before and after switching. The level of significance was p < 0.05.
Results
Adherence
The responses to Q1 (Have you forgotten to take your PPX-ER?) were 100 % "no" and 0 % "yes".
The VAS score for Q2 (Do you now take your medication on time with once-daily dosing?) was 10 in 48% of patients and ≥8 in 74% of patients (Figure 3, left) . The VAS score (mean ± SE) for all patients was 8.1 ± 0.5, including 9.4 ± 0.8 in the single drug group and 7.6 ± 0.5 in the multiple drug group. The single-drug group took their medication more on time, but the difference was not significant (p = 0.07). Two patient using 6 and 9 concomitant drugs responded "no change".
There was a significant negative correlation between the VAS score and the number of types of medications (ρ = −0.43, p = 0.01). There was no significant correlation between the VAS score and age, PD severity, disease duration, or MMSE score.
Medication Burden
The VAS score for Q3 (Has the burden of taking your medication decreased with once-daily dosing?) was 10 in 49% of patients and ≥8 in 61% of patients (Figure 3, right) .
The VAS score (mean ± SE) for all patients was 7.3 ± 0.6, including 8.6 ± 1.1 in the single-drug group and 6.9 ± 0.7 in the multiple-drug group. The single-drug group reported more of a reduction in medication burden, but the difference was not significant (p = 0.18). Four patients using concomitant drugs in the multiple drug group responded "no reduction in burden". There was no significant correlation between the VAS score for reduction in medication burden and age, PD severity, disease duration, MMSE score, or number of types of medications. (Figure 4) 
Patient Survey about Motor Function and Mood
1) Daily activities
The responses in 27 patients switched to the same dose were: no change 59%, better 19%, somewhat better 11%, somewhat worse 7%, and worse 4%. On the other hand, the responses in the 8 patients with an increased dose were: no change 50%, much better 12%, better 13%, and somewhat better 25%; none reported subjective worsening.
2) Evening activities The responses in the patients switched to the same dose were: no change 74%, better 4%, somewhat better 15%, and somewhat worse 7%. The responses in patients with an increased dose were: no change 75%, much better 12%, and better 13%, with none reporting subjective worsening.
3) Morning activities The responses in the patients switched to the same dose were: no change 74%, somewhat better 19%, and somewhat worse 7%. The responses in patients with an increased dose were: no change 87% and somewhat better 13%, with none reporting subjective worsening.
4) Mood
The responses in the patients switched to the same dose were: no change 55%, much better 4%, somewhat better 22%, somewhat worse 11%, worse 4%, and much worse 4%. The responses in patients with an increased dose were: no change 50%, better 12%, and somewhat better 38%, with none reporting subjective worsening.
UPDRS Part III
In the group switched to the same dose, the UPDRS part III score ranged from 3 to 28 (10.4 ± 1.3) before switching and 3 to 26 (8.8 ± 1.0) after switching. In the group switched to an increased dose, the scores ranged from 2 to 22 (11.3 ± 4.1) before switching and from 1 to 22 (7.3 ± 2.3) after switching. After switching to the extended release formulation, the UPDRS part III scores improved significantly in both groups (p < 0.01).
Safety
Because of chest discomfort and worsening mood, one patient discontinued PPX-ER and was switched back to PPX-IR. In addition, there was mild somnolence in 5, constipation in 1, and mild worsening of visual hallucinations in 1 patient.
Discussion
Adherence by Switching to PPX-ER
Adherence includes the percentage of doses taken vs. the total number of doses prescribed (total adherence), the percentage of days a drug is actually taken as prescribed vs. the total number of days prescribed (days adherence), and the percentage of taking a drug at a correct time vs. the prescribed frequency of administration (timing adherence). In a multicenter collaborative study of drug adherence in PD, total adherence, days adherence, and timing adherence were significantly better in a group taking a DA once-daily compared to 3 times daily [2] [8]. In particular, timing adherence differed markedly between groups: ≥90% in the once-daily group, but it decreased to about 25% in the 3-times-daily group. Even the impact of twice-daily dosing was a marked decrease in adherence to 33% [2] [8] . Based on the above reports, the present study focused on and evaluated timing adherence using a VAS patient survey. After patients switched from multiple daily PPX-IR to once-daily PPX-ER, timing adherence improved, and medication burden was reduced. In addition, timing adherence was negatively correlated with the number of types of medications being taken. In patients using ≥6 types of medications, timing adherence did not improve even after switching to PPX-ER. Drug non-adherence reportedly increases 1.86 times with a 100-mg increase in levodopa dose, and there is a negative correlation with total number of drugs, with a 1.68-fold increase in non-adherence with each additional drug [5] [9] . Factors associated with decreased adherence besides multiple drugs and complicated dosing regimens include mood disturbance, decreased cognitive function, poor control, long disease duration, educational level, absence of a spouse, younger age, and low income [2] - [5] . Attention to these patient factors and therapeutic interventions are essential to maintain good adherence.
A limitation of this study is that we evaluated adherence by using the self-reported questionnaires. In previous studies on adherence, differences in adherence rates have been observed between evaluations using patient surveys and evaluations using electronic monitoring systems of the actual number of doses taken and times when taken, with a trend toward more over-estimation on patient surveys [1] [2] [10]- [12] . In this study, although almost patients showed normal MMSE scores, and none of the patients responded that they "forgot to take PPX-ER", because of evaluation of timing adherence using a VAS patient survey, some discrepancy between prescribed times and actual times taken may have arisen. However, in every clinical practice, it was useful to have a simple questionnaire to assess the adherence to therapy in PD.
Changes in Motor Function by Switching to PPX-ER
In some patients switched to the same dose, there was worsening of daily, evening, and morning activities and of mood. In patients switched to an increased dose, there was no worsening of these parameters. However, the UPDRS part III scores increased significantly (p < 0.01) not only in the increased dose group, but also in patients switched to the same dose. Overnight switching from PPX-IR to PPX-ER can be safely accomplished without worsening of symptoms in about 85% of patients [7] [13]- [15] . Moreover, improvement in UPDRS part III scores and reduction in off-times in advanced PD patients have been reported [7] [14] . Because of some issues with corresponding dosage formulations in this study, the mean dose increased after switching, and this may have been a factor in the improved UPDRS part III scores. There was also significant improvement, however, in patients switched to the same dose, and taking into consideration the effect of drug adherence on therapeutic efficacy and QOL [16] , the on-time dosing with better drug adherence and longer lasting drug delivery with the extended release formulation probably contributed to improved motor function.
Conclusion
This study showed that switching from PPX-IR to once-daily PPX-ER was safe and improved motor function in patients by improving timing adherence and reducing medication burden.
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